Abstract-conventional manual adjustment to control the drop speed in clinical infusion has more unadvantageous and cannot realize automatic controlling and monitoring of the infusion speed. According to this condition, the infusion monitoring system is designed based on the STM32 microcontroller and one pair of infrared emitting and receiving diode, and the experimental is done. The result shows that this designed monitoring system can reach high accuracy, high reliability and low adjust time.
I. INTRODUCTION (HEADING 1)
Intravenous infusion dispensation is widely used in clinical treatment, However, Manual adjustment to control drop speed with the character of inadequate accuracy, inconvenience, infusion abnormal and end is difficult to find, is usually adopted in most hospital over many decades and maybe cause medical malpractice [1] [2] [3] [4] [5] . In recent years, the more attention of researchers is pay on the automatic infusion system [6] [7] [8] [9] . According to current research condition, the infusion monitoring system is designed in this paper. In the first section, the hardware design of the infusion monitoring system is detailed, and the block diagram of the whole system is also discussed. In the second section, the software flow chart of the infusion monitoring system is designed. In the last section, the experiment is done and some conclusions are derived from the experiment data.
II. THE HARDWARE DESIGN OF THE INFUSION MONITORING SYSTEM
The whole block diagram of the infusion monitoring system is illustrated in figure 1 . This system with the control core of STM32F103 microcontroller, can realize the measurement and controlling of drop speed. The whole system is consisted of control module, step motor and its driver, sheave, infusion bottles and infusion monitoring sensor. The infusion bottles can be pull up or down by step motor to adjust the infusion speed, while the infusion monitoring sensor can real-time measure the drop speed and the sped signal is sent to microcontroller after the process of signal shaper.
The expand keyboard of the STM32F103 is used for the input of preset speed or other command, LCD module is used for the real-time display of drop speed and infusion residual quantity. The ADC module, as the Peripheral of STM32F103, is in charge of conversion from analog to digital. The PWM signal, produced by the PWM module, is sent to step motor driver and drive the motor to rotate. The infusion speed sensor, adopted in this system, is one pairs of the infrared emitting and receiving diode.
Figure 1 block diagram of the infusion monitoring system
A. The description of STM32 microcontroller [10] [11] The STM32F103 family incorporates the highperformance ARM® Cortex™-M3 32-bit RISC core operating at a 72 MHz frequency, high-speed embedded memories (Flash memory up to 512 Kbytes and SRAM up to 64 Kbytes), and an extensive range of enhanced I/Os and peripherals connected to two APB buses. All devices offer three 12-bit ADCs, four general purpose 16-bit timers plus two PWM timers, as well as standard and advanced communication interfaces: up to two I2Cs, three SPIs, two I2Ss, one SDIO, five USARTs, an USB and a CAN. It is suitable for a wide range of applications: motor drive and application control, PC peripherals gaming and GPS platforms.
B. Designs for sensor signal shaper
The schematic circuit of the sensor signal shaper is shown in figure 2 . It is consisted of a two order low pass filter, one inverting amplifier and two inverting gates. The two order low pass filter is adopted to remove the noise of inputted sensor signal, and the more pure signal is sent to next circuit. The inverting amplifier is in charge of the amplification of the input signal. The last two inverting gates are used for the shaping of inputted pulse signals.
In this circuit, sensor signal of the infusion drop speed is inputted from two order low pass filter, then amplified by the inverting amplifier, passed through two inverting gates, and outputted to STM32 microcontroller. 
C. The connection between motor and the driver
A stepper motor is an electro-mechanical-device which converts electrical pulses into discrete mechanical movements and widely used in industry application. Consider the convenient to use, the step motor driver DMD402 is adopted in this system, and the connection of microcontroller, motor driver and step motor is shown in figure 3 . The microcontroller should provide four signals: motor enable signal, rotating direction signal, PWM pulse and +5v power. The power supply of the DMD402 is +24V DC, and can driver the step motor with four signals: A+, A-, B+ and B-. Figure 4 the flow chart of the system software The flow chart of the system software is illustrated in figure 4 . When the power supply is switched on, the system will enter into initial state, and then enter into wait state. If the infusion drops speed is set, the system will soon collect the current drop speed and calculates the speed error e. If
Sensor signal input
To microcontroller the speed error is the allowable error, the system enter again into the wait state; otherwise, the change speed of error Δe is also calculated out. Both the speed error e and the change speed of error Δe are sent to fuzzy-PID controller [12] [13] [14] [15] [16] ,and then the current adjust value is calculated out. The PWM pulse is produced by STM32 microcontroller according to the current adjust value, and sent to step motor driver to drive the motor to pull the infusion bottles up or down. After waiting for a moment, the adjustment is ended and if the current speed error is within the allowable error, the system will be enter again into wait state, otherwise, it will be adjusted again.
IV. EXPERIMENT AND DATA ANALYSIS At last, the experiment of monitoring and controlling for the infusion drops speed is done based on the designed system, and the experimental result is shown in table 1. We change the drop speed every 20 drops, the adjusted speed is near the preset speed and within the two drops per minute. The adjusted time is almost same for different infusion speed.
From the table, we can derive the conclusion that this designed monitoring system can reach high accuracy, high reliability and low adjust time.
V. CONCLUSIONS
The system of monitoring and controlling of infusion drop speed is designed based on the STM32 microcontroller and the infrared emitting and receiving diode as the drops speed sensor is adopted. In this system, the adjustment of drops speed is finished by the pull-up or -down of the infusion bottles. The experiment is done based on this system, and the result shows that this designed monitoring system can reach high accuracy, high reliability and low adjust time.
This infusion monitoring system can be widely used in monitoring and management in the course of the infusion to advance the working conditions of medical staffs and reduce the medical errors in the small hospitals.
